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INTRODUCTION. 
In a  previous paper  1 the author showed that in living cultures of 
adult frog tissues there occurs, in many instances, a  transformation 
of  the  plasma  clot  in  which  the  living  tissue  is  imbedded.  This 
transformation results in a  consolidation or fusion of the elements of 
the fibrin net and a  consequent formation from it of a  fibrous tissue 
which is identical in its form and structure and in many of its staining 
reactions with a  regular collagenous connective tissue.  It was felt 
that, whether or not this new fibrous tissue directly formed from the 
fibrin clot remained as a permanent connective tissue, such a reaction 
must play a fundamental part in the processes attendant upon wound 
healing.  The present paper  S gives the results obtained from an exten- 
sive series of experiments undertaken for the purpose of studying the 
action and fate of the fibrin clot formed during wound healing, and 
they give evidence that in the healing of skin wounds in the frog a 
definite  transformation of  the  fibrin  clot  takes  place  such  as  was 
found to occur in the  tissue cultures.  This  transformation also re- 
sults in  the formation of a  new fibrous tissue, without intracellular 
action,  which  is  apparently identical  with  regular  permanent  con- 
nective tissue. 
1  Baitsell, G. A., The Origin and Structure of a Fibrous Tissue Which Appears 
in Living Cultures of Adult Frog Tissues, Jour. Exper. Med., 1915, xxi, 455. 
A report of this work was given at the meeting of the American Association 
of Anatomists held at New Haven, Conn., Dec. 28-30, 1915.  An abstract appears 
in the proceedings in the Anat. Rec., 1916, x, 175. 
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Material and Methods. 
It was thought best to carry on the experiments in wound healing 
with the frog inasmuch as the tissues used in the previous work with 
living tissue cultures had been obtained from this animal.  During the 
present experiments thirty-one animals were used and a  total of fifty 
operations were performed.  The process of wound healing has been 
studied at various stages both in  the living  animals  and in  the pre- 
served material.  For the study of the preserved material pieces of the 
tissues containing the wounds were removed at various times after the 
operations.  These  were  preserved  in  Zenker's  solution,  imbedded 
in  paraffin,  and  sections,  in  various planes,  were  made  at  10  #. 
In general  the stain  used has been Mallory's connective tissue stain 
modified  according  to  Mall. ~  Mallory's  stain,  unmodified,  and  the 
Van  Gieson picro-fuchsin  stain  have also been used for  comparison. 
A  discussion of the staining reactions will be found in a  later section 
of this paper. 
In the preliminary experiments, the semimembranosus muscle lying 
on  the  dorsal  surface of  the  hind  legs of  the  frog was used.  After 
anesthetization  the animal  was placed  on  an operating  board  dorsal 
surface up.  The skin was then sterilized by washing it with a  0.001 
per cent solution of mercuric  chloride.  This method  of sterilization 
appears  to be adequate for this work and  there has been very little 
trouble from infection.  An  incision  of about 5  to  7 ram.  in  length 
was then made in the median dorsal surface of either or both of the 
hind  legs.  The cut edges of the skin were separated and held apart 
and  a  cube of the  underlying  muscle tissue measuring  about 2 ram. 
was removed.  The cavity thus formed in the muscle tissue was either 
filled  with  plasma  which  had  been  obtained  in  the  usual  manner 4 
from another frog, or. by the blood and lymph which flowed into the 
wound  from  the  cut  edges.  After  the  operation  the  frog was held 
in position for a few minutes until the clot had formed in the wound. 
The results obtained from these experiments were not satisfactory. 
The many movements of the legs and  the consequent expansion and 
3 Mall, F. P., On the Development of the Connective Tissues from the Con- 
nective-Tissue Syncytinm, Am. Jour. Anat.,  1901-02, i, 338. 
4 Baitsell, G. A., The Origin and Structure of a  Fibrous Tissue Which Appears 
in Living Cultures of Adult Frog Tissues, Jour. Exper. Med.,  1915,  xxi, 456. GEORGE  A.  BAITSELL  741 
contraction of the muscle fibers resulted, in many cases, in a breaking 
up of the plasma clot in the wound cavity and its destruction, so that 
it was impossible to make a study of it.  The friction of the overlying 
skin  of  the  leg  during  these  movements also  tended  to  make  the 
operations unsuitable for the present study of the fibrin clot.  In a 
number of  these  experiments which were first made,  stitches  were 
taken in the skin to hold the cut edges together and in their proper 
positions.  In  the later  operations  it  was  found  that  this  was  not 
necessary for it was observed that when a  cut was made in the skin, 
as  noted  above,  if  the  animal  remained  quiet  for  a  few  minutes 
after the operation, the coagulation of the blood and lymph formed a 
tissue of sufficient strength to hold the cut edges of the skin in their 
proper position.  It appeared evident from this  that wounds in  the 
frog skin would afford a  suitable field for the study of the process of 
wound healing, particularly with regard to the action and fate of the 
fibrin  clot.  Later  experiments  showed  that  the  skin  lying  on  the 
posterior  dorsal  surface of  the  animal  offered an  even  better  field 
for these experiments than did the skin of the legs inasmuch as it is 
not subject  to  an almost continual,  and at  times violent  strain  as 
the  result  of leg movements.  Wounds  in  both  these  regions  have 
been  studied and  form the basis of  the results given in  the present 
paper. 
Observations on  the Process of Wound  Healing  in the Skin 
of Living  Frogs. 
The healing of various types of wounds has been observed in the 
living animals.  In the first type of experiments, a simple incision was 
made in the skin of the frog either on the dorsal surface of the leg or 
on  the back.  As  far  as  could be  told  by  the observations  on  the 
living animal these wounds healed very quickly.  The formation of 
the coagulation tissue as a result of the clotting of the blood plasma or 
lymph present in the wound occurred within a few minutes after the 
wound was made.  As a result the cut edges were firmly held in posi- 
tion and the frog could then be placed in the aquarium without injury 
to  the  new  tissue.  The  animals  examined 24  hours  later  showed 
only slight  evidence of  the wound.  The cut edges were still  firmly 
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lation tissue marking the extent of the incision.  In the course of the 
next day or so the epithelial cells moved over this area and obliterated 
all  evidences of the  wound. 
In the second type of experiments a piece of skin measuring about 
5 by 2 ram. was detached on three sides.  The fourth side (2 ram.) was 
left attached  to  the  body.  In  this  way a  flap  of  skin  was formed 
which was severed from the body except at one end.  In such cases 
the  coagulation  tissue  which  quickly formed held  all  the  cut  edges 
of the skin and  the loose flap in place,  and  thus an operation which 
one would naturally  expect,  without  the  aid  of  sutures  to  hold  the 
edges in place, to have left a large open wound in the skin with a con- 
sequent  slow healing  was  permanently  closed  within a  few minutes 
after  the operation.  In  the following days one could observe, as in 
the previous  type of experiments,  a  gradual  obliteration  of the  cuts 
by the epithelial  cells which moved out over the  coagulation  tissue 
from the cut edges of the skin. 
In the third  type of experiments a  piece of  skin  from the median 
posterior  region  of  the  back, measuring  about  5  ram.  square,  was 
completely  severed  from  the  body  of  the  animal,  placed  in  sterile 
Ringer  solution  for a  few minutes,  and  then  replaced  in  the  cavity 
from which it had previously been taken.  The observations showed 
that no other support than  the coagulation  tissue which formed was 
necessary in order to hold such a piece of skin in position in the wound 
cavity,  and  the  complete  obliteration  of  the  wound  occurred  in  a 
few days by the movement of the epithelial cells over the coagulation 
tissue.  The  results  of other  experiments  of  this  type  showed  that 
the  living  skin  from  another  animal  or  a  dead  tissue,  such  as  the 
stratum  compactum  obtained  by pancreatin  digestion  of  adult  frog 
skin,  could be transplanted  into  a  wound cavity in  the  skin and  re- 
tained there by the action of the coagulation tissue alone.  In a later 
paper  it  is  hoped  that  more  complete  results  regarding  such  skin 
transplantation  can be  presented.  The  only  fact  regarding  them 
which should be emphasized in the present paper is the action of the 
coagulation tissue in the  wound  cavities  as shown  by its  ability  to 
hold the transplant  in position without the  aid of sutures. 
In the last type of experiments, a piece of skin, varying in size from 
3 to 5 ram.  square, was completely removed from the body.  The re- 
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type of experiment it was found that in some cases, particularly if the 
cavity caused  by the removal of  a  piece of  skin was large,  it  was 
better to supply additional plasma obtained from another animal in 
order that the wound cavity might be completely filled.  A wound of 
this  type  (Fig.  1)  gives  the best  opportunity  for  the  study of  the 
coagulation  tissue.  It  forms a  hyaline mass  in  the wound  cavity 
and is glossy and transparent,  and until it has been covered by the 
epithelial cells which move in from the surrounding areas the under- 
lying muscle tissue can be seen through it.  This fibrin clot or coagu- 
lation tissue when it is first formed may sometimes be destroyed by 
extremely violent movements of the animal, especially if the wound 
be a  large one.  An increase in  the strength of the new tissue soon 
becomes evident and in a  few days it appears to be as immune from 
injury  as  regular  skin  tissue.  As  far  as  can be  told by the obser- 
vations on the living animals, this coagulation tissue formed by the 
clotting of the plasma in the wound remains permanently and takes the 
place of the piece of skin tissue which was removed.  From this it is 
clear that in a skin wound in the frog, if the conditions are right, a new 
tissue  can be  formed almost immediately after  the injury which is 
sufficiently strong to retain its place in the wound cavity and to hold 
the  cut edges in  position.  The wound,  to  all  appearances, is  thus 
healed without waiting for a process of regeneration of tissues by cell 
division.  Probably  the  most  impressive  part  of  this  process  of 
wound healing,  to  an  observer,  is  the rapidity with which it  takes 
place.  The coagulation of the plasma doses the wound almost imme- 
diately and then, evidently by a  transformation of this fibrin clot, a 
firm,  resistant,  and  apparently  permanent  tissue  is  formed which 
serves as a  regular connective tissue. 
During the course of the  experiments, observations have also been 
made on the healing of wounds in which no coagulation tissue was 
present.  Such a  condition may arise either because of the lack of a 
sufficient amount of plasma in  the wound at the time it was made, 
because of a  later destruction of the coagulation tissue as a  result of 
tension caused by too vigorous movements, or because of an infection. 
In cases of this kind the process of wound healing in the skin of a frog 
is a comparatively long and slow one, and in some cases results in the 
death of the animal by a  later infection received through the open 
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Study  of the Prepared  Material. 
In Fig.  1 a  view of a  wound in  the skin of a  frog is shown in toto 
at a magnification of about 15 diameters.  This wound was removed 
from  the  animal  and  preserved  when  it  was  three  days  old.  The 
wound, caused by the removal of a piece of skin, originally measured 
about  5  by 2  ram.  The  figure  was drawn  with  the  aid  of a  Zeiss 
binocular microscope from the under surface of the skin and shows the 
wound surrounded  by the skin tissue and filled with the coagulation 
tissue (fibrin clot) which was formed within  a  few minutes  after  the 
wound  was  made  by  a  clotting  of  the  blood  plasma  and  lymph. 
Several large blood vessels are shown, some of which run into the co- 
agulation  tissue.  Some  of  these  vessels appear  to be enlargements 
of the vessels supplying the skin in that region, while others apparently 
arise in the underlying muscles.  In some cases the wound is found to 
be attached  to the muscles by a number of small vessels. 
A  transverse  section  of  the  same preparation  is  shown in  Fig.  2 
at a magnification of 77 diameters.  At either end of this figure may 
be noted the cut ends of the skill which mark  the boundaries of the 
wound.  Connecting these can be seen the bridge of new tissue which 
has  formed  in  the  wound  cavity.  Lying  above  this  coagulation 
tissue  are  several  layers  of epithelial  cells which  have  wandered  in 
from the skin tissue surrounding  the wound.  This movement of the 
epithelial  cells begins very soon after  the wound has  been made and 
continues until,  as shown in later  stages  (Fig.  6),  they form a  thick 
layer over the coagulation tissue.  The epithelial  cells  in  Fig. 2  are 
more numerous near  the cut edges of the skin.  At these points the 
coagulation  tissue  is  drawn  out into  a  rather  thin  strand  which  is 
attached to the cut edges of the skin and which serves to hold them in 
place.  It  can  be noted  in  this figure  that  fibers are present  in  the 
coagulation tissue. 
The observations on the living animals have shown that the coagula- 
tion  tissue in a  3 day wound is very firm and resistant as compared 
with a young fibrin clot.  From  this it is evident that  already some 
change  has  taken  place in  the  clot  and  this  fact  can  also be noted 
from the study of the prepared material.  In Fig. 3 a portion of the 
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a  magnification  of 787  diameters.  At this magnification  one is able 
to  see  clearly  the  histological  structure  of  the  coagulation  tissue. 
Quite large areas can be noted in  this figure in which  the fibrin  net 
has not been changed but still retains its characteristic structure.  In 
other regions,  however,  the fibrin  net has  been changed  into  a  new 
fibrous tissue.  In such areas it appears that there has been a  fusion 
of  the  elements  of  the  fibrin  net  to  form  long,  wavy,  fibrous 
bundles which are typical in structure  and  appearance to  those found 
in various forms of connective tissues.  This new fibrous tissue is ap- 
parently identical with that which forms in plasma clots in tissue cul- 
tures.  The transformation of the fibrin clot in this wound into a new 
fibrous tissue has not been due to an intracellular  action for, with the 
exception of some blood corpuscles which were present in the plasma 
when it clotted, some of which can be seen in Fig. 3, no cells of any 
kind are present in the new fibrous tissue except in the extreme edges 
where the new tissue is in contact with  the  cut edges of the skin.  A 
thorough study of this point has been made in this and other similar 
preparations and it can be definitely stated that in wounds in the frog 
skin, as has previously been shown to be the case in tissue cultures, a 
direct transformation of a fibrin clot into a new fibrous tissue will occur 
without intracellular  action. 
In  Fig.  4,  which is a  portion  of a  longitudinal  section of a  4  day 
wound at a magnification of 787 diameters, a more complete transfor- 
mation  of  the  plasma  clot  is  seen.  The  section  from  which  this 
figure was drawn was taken from near the upper surface of the coagu- 
lation  tissue;  that  is,  from  the  dorsal  portion  of the  clot lying just 
below the  epithelial  cells.  At  either  edge of  the  coagulation  tissue 
may be noted some of the  epithelial cells which mark  the boundary 
of  the  wound  and  which  have  grown  down on both  sides  of  the 
coagulation  tissue.  This  downward  growth  of  the  epithelial  cells 
can be noted in some of the  transverse  sections of the wound tissue 
(Fig.  2).  A  study of  Fig.  4  shows that  the fibrin net structure has 
disappeared  and  the  new fibrous  tissue  has  been  formed which,  as 
in Fig. 3, is composed of bands of fibrils showing the typical structure 
of regular  connective tissue fibers.  The new  fibrous tissue is denser 
near the bottom of the figure and it is in this region that its structure 
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the figure has lost the original fibrin net structure, but in the less dense 
regions of this  tissue,  in  which  numerous vacuoles  are  present, the 
transformation into the new fibrous tissue has not been so complete. 
No fibroblast cells are present in this region of the clot and so in this 
case also the transformation of the fibrin clot into the new fibrous tissue 
has  not  been  due  to  any intracellular action.  In  this preparation 
centrifuged blood plasma which had been obtained from another ani- 
mal was placed in the wound to form the clot and this fact accounts 
for the almost complete absence of blood corpuscles.  Those that are 
shown in  this figure are in most cases matted together and are evi- 
dently undergoing degeneration. 
In  Fig.  5  is  shown,  at  the same magnification as  Fig.  4,  another 
longitudinal section of the same preparation taken at a  deeper level. 
In this figure a considerable number of both fibroblast cells  and blood 
corpuscles are  shown.  In  this  figure a  transformation of  the fibrin 
clot has also occurred  and a new fibrous tissue has been formed con- 
taining bundles of wavy fibers.  These are  particularly well  shown 
to the left of the figure.  In this region numerous cells are also present 
and as a  result the bundles of fibers are more or less separated from 
each other.  To the right of the figure fewer cells are present and the 
newly formed fibrous  tissue is  more  closely massed  together.  The 
bundles of fibers, however, can be clearly seen. 
A  comparison of the new fibrous tissue shown in Figs. 3, 4, and 5, 
which has been formed through a  transformation of  the fibrin clot, 
with  the  fibrous  tissue  found in  the plasma  clot  in  living cultures 
of  frog tissues,  as  noted  in  a  previous paper, 5 shows that  they are 
identical. 
The conditions present in an older wound are shown in Fig. 6, which 
is a transverse section of a 12 to 13 day preparation at a magnification 
of 240 diameters.  At either end of the figure can be seen the cut ends 
of the skin tissue which mark the boundaries of the wound and be- 
tween  these  the new  tissue which  has  been  formed in  the  wound. 
Overlying  this  region  are  the  epithelial  cells  which  are  piled  up 
many layers  thick.  The  wound cavity,  except  for a  small portion 
6 Baitsell, G. A., The Origin and Structure of a Fibrous Tissue Which Appears 
in Living Cultures of Adult Frog Tissues,  Jour. Exper. Med., 1915, xxi, 478-79. 
Compare Fig. 3 of this paper with Figs. 11 and 17 of previous paper. GEORGE  A.  BAITSELL  747 
lying near  the  right  end  of  the  figure,  is filled with  the new fibrous 
tissue.  Fibroblast cells are present all through the new tissue.  In the 
region lying to the right a portion of the original fibrin clot apparently 
still remains.  In Fig.  7,  which was drawn from the same section as 
Fig.  6,  this  region of the wound is shown at a  magnification  of 787 
diameters.  The figure shows that  the fibrin clot has lost its original 
structure,  as shown for example in Fig. 3,  and has become a more or 
less compact mass in which,  at various places,  it can be noted  that 
fibers have formed.  Around the edges of the fibrin mass, in particular, 
a  great  many  of  the  bundles  of fibers  can  be  seen.  These  are  at- 
tached  to  the fibrin  clot and  it is  clear  that  they have  arisen  by a 
transformation  of its elements  and  not from an intracellular  action. 
The  cells which  are present  stand  out distinctly  from  the fibers,  as 
shown in the figure, and show no connection with them. 
In Fig. 8 is shown, at a  magnification of 787 diameters,  a  longitu- 
dinal  section of another wound which is practically  the same age as 
the one shown in Figs. 6 and 7.  In Fig. 8, however, we find that the 
formation  of the  new  tissue has  proceeded more rapidly  and  conse- 
quently the original fibrin net has been entirely transformed into the 
new fibrous  tissue which  fills  the  wound  cavity.  Blood vessels are 
forming  in  various  regions  in  this  new  tissue  and  numerous  cells, 
which for the most part show the typical spindle shape of fibroblast 
cells, are present but stand out clearly and distinctly from the fibers. 
The  question of the relations  existing between the new fibrous tissue 
and the cells which wander into it from the surrounding edges of the 
skin  is one which  has  been  studied  with  care.  It  has already been 
pointed out that the transformation  of the fibrin clot occurs previous 
to the appearance of any cells, so that it cannot be due to an intra- 
cellular action (Figs. 3 and 4).  A study of the preparations shows that 
the cells when they first appear in the new fibrous tissue are round in 
shape  (Figs.  5  and  7).  Later  they elongate and  assume the  typical 
spindle shape of fibroblast cells (Fig. 8).  This change in the shape is 
apparently due to the stereotropic action of the cells in moving along 
the fibers3  The  movement  of  the  cells in the newly formed fibrous 
6  Harrison, R. G., The Reaction of Embryonic Cells to Solid Structures, Jour. 
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tissue appears  to result in  a  separation  of the bundles of fibers and 
we have as a  result what,  to all appearances,  is a typical scar tissue. 
With  the Mallory stain  the  cells are colored yellow and  they are dis- 
tinctly differentiated from the fibers of the new tissue which are colored 
blue by the stain.  The preparations  do not show any evidence of a 
digestion by the cells of the new fibrous tissue  or of  any  attempt by 
them  to  form  new  fibers  intracellularly.  The  condition  shown  in 
Fig. 8 is typical of the condition found in much older wounds (3 to 4 
weeks) and the evidence appears clear from these results that,  in the 
healing  of skin wounds in the frog,  the new fibrous tissue present in 
the wound which has been formed by a  direct transformation  of  the 
fibrin clot remains as the permanent  connective tissue. 
Nature  of  the  New  Fibrous  Tissue. 
The  appearance,  structure,  and  staining  reaction  with  Mallory's 
stain  of the new fibrous tissue are,  as shown in  the  previous paper, 
identical  with  those  of  regularly  formed  connective  tissues.  In  an 
endeavor  to  settle  definitely  the  real  relationship  existing between 
regular frog connective tissue and the new fibrous tissue several series 
of tests have been made. 
Staining Reactions of the Fibrous Tissue Formed in Wounds.--The 
Mallory  connective  tissue  stain,  either  modified or  unmodified, has 
proved to be more specific in its reaction than any other stain that has 
thus far been used in the work, although various "other methods have 
been tried.  This  stain will color connective tissue fibers of the frog 
an almost perfect ultramarine  blue if they are not too closely packed 
together.  If, for example, a piece of skin from an adult frog is stained 
with  Mallory's  stain  it  will  be found,  in  general,  that  the  stratum 
spongiosum, in which the bundles of connective tissue fibers are loosely 
packed  together  and  in  which  the  individual  fibrils  can be distin- 
guished,  will be colored an ultramarine  blue.  On the other hand,  in 
the stratum compactum of the same preparation in which the bundles 
of fibers are  closely massed,  it will be found  that  this  layer will be 
stained  a  color varying  from  yellow  to  bright red,  depending  upon 
the manipulation  of the stain. 
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action  to  a  Mallory stain  as does the  connective  tissue in  the  skin.. 
When  the bundles of fibers in the new fibrous tissue are not closely 
matted together, as shown for example in Figs. 3, 4, and 5, the Mallory 
stain  gives  them  a  typical blue  color as in  the  stratum  spongiosurn 
of the skin.  On the other hand,  when the new fibrous tissue is very 
compact and  the individual  fibrils  composing the bundles  cannot be 
distinguished,  then,  in many cases,  the result will be a  color varying 
from yellow to red,  similar  to that found in the stratum  compactum 
of the skin.  The same color also generally results from the Mallory 
stain  in  very  young  preparations  in  which  the  clot  has  not  been 
changed into the new fibrous tissue but retains  its  original  structure. 
With a Van Gieson picro-fuchsin stain the new fibrous tissue shows 
a  negative  reaction.  This  stain,  however,  does not  appear  to  be a 
specific  one  for  connective  tissues  of  the  frog.  The  results  show 
that it acts in just the opposite way that Mallory's stain does, in that 
it only gives the characteristic red color for connective tissues when a 
heavy tissue is present in which the bundles of fibers are closely massed 
together.  In the frog skin, for example, the stratum compactum occa- 
sionally  stains  red,  whereas  in  the  stratum  spongiosum  an  entirely 
negative  reaction  is obtained.  In most cases, however,  all  the  con- 
nective tissues of the frog skin as well as those from other parts of the 
body give a negative color reaction with this stain.  In this connection 
a  series of staining tests were madewith embryonic connective tissue 
from the tail of a  50 ram.  tadpole.  It consists of  a  mass of  connec- 
tive  tissue fibers loosely packed  together.  These  fibers will  take  a 
typical stain with Mallory's stain, but with Van Gieson's the reaction 
is negative, as it is with the new fibrous tissue.  The results in brief 
from  all  these  experiments  show that  the Van  Gieson's stain  is not 
specific for connective tissue fibers in the frog whether embryonic or 
adult,  and  the  same  is  true  for  its  reaction  with  the  new  fibrous 
tissue. 
Digestion  Tests of the Fibrous  Tissue Formed in Wounds.--Of all the 
tests used to distinguish between fibrin and connective tissues, the diges- 
tion  tests are regarded as being the most  specific and conclusive.  A 
young fibrin clot is easily digested in a pancreatin solution whereas con- 
nective tissues resist the action.  In the previous paper it was noted that 
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pancreatln, and this fact gave evidence that the new fibrous tissue was 
fibrin in character  although greatly changed in appearance  from the 
typical fibrin net.  However, it was also pointed out that in this case 
the  test was not conclusive, inasmuch  as the newly formed fibers in 
the clot were imbedded in a fibrin net which was not completely trans- 
formed, and the digestion of the unchanged fibrin clot by the pancre- 
atin wo•ld  naturally cause a breaking down and scattering of the fibers 
which had  formed in it,  and  remained  connected with it.  In other 
words, the surrounding unchanged fibrin constituted the sole support 
of the fibers which had formed from a part of it. 7  This close relation 
existing between the fibrin  clot and  the new fibrous tissue also pre- 
vents the digestion tests being used in the present experiments to fur- 
nish a conclusive answer as to the real nature of the transformed fibrin 
net tissue in the clots formed in wound healing. 
In this connection the results secured by a  series of experiments in 
which the embryonic connective tissues of the tadpole were subjected 
to pancreatin digestion should be noted.  In these experiments pieces 
of  skin,  taken from tadpoles ranging  in length  from  7 mm.  to large 
tadpoles of about 70 mm.  just before metamorphosis,  were placed in 
pancreatin  solutions of uniform strength s and digested over night  at 
38°C.  In  all  these  experiments a  complete digestion of  the  tadpole 
skin  occurred.  This  same result was obtained when  the  connective 
tissue from the tails of tadpoles of various ages was digested in pan- 
creatin  solutions.  These  young  fibers,  as  has  been  noted,  stain 
typically  with  Mallory's  stain  and  are  apparently  fully  formed. 
Nevertheless  they can  be completely digested in pancreatin  in  a  few 
hours.  These results with embryonic  connective  tissues are entirely 
different from those obtained when connective tissues from an adult 
frog are subjected to  the same treatment,  for the experiments  show 
that the mature connective tissues in the skin of an adult frog are able 
to resist  the action of the pancreatin  and  remain as a mass of tissue 
which, as noted above, could be used in the implantation experiments. 
7 Baitsell, G. A., The Origin and Structure of a Fibrous Tissue Which Appears 
in Living Cultures of Adult Frog Tissues, Jour. Exper. Med., 1915, xxi, 473. 
s The pancreatin  extract  used in all these digestion experiments was obtained 
by the well known Roberts' method.  The author is indebted to Professor F. P. 
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These results demonstrate that the reaction of the embryonic connec- 
tive  tissues  of  the  frog  to  pancreatin  digestion  is  the opposite  of 
that of adult connective tissue. 
The results of both the staining and digestion tests, in brief, show 
that with these methods one is unable to  differentiate between  the 
new fibrous  tissue,  formed by a  transformation  of  the fibrin  clots, 
and embryonic connective tissues of  the tadpole, and  that the  con- 
nective tissues  of the adult,  while reacting in  the same way to  the 
stains,  can be  differentiated from both  the new fibrous  tissue  and 
embryonic connective tissue by their ability to resist the pancreatin 
digestion. 
There is the possibility that  the same resistance to pancreatin di- 
gestion which must develop in embryonic connective tissue as it be- 
comes mature,  as shown by the digestion  tests  on  the mature  and 
embryonic connective tissues, might also develop in time in the new 
fibrous  tissue  which  has  resulted  through  a  transformation  of  the 
fibrin clot,  for it is well known that old fibrin clots become highly 
resistant to various agents which will entirely dissolve younger clots. 
MalP says:  "Fresh fibrin is easily dissolved in dilute acid or digeste~ 
in pancreatin.  After fibrin becomes older, as in  fibrinous deposits, 
the fibrils become very resistant and are not dissolved in boiling acetic 
acid,  20 per cent, in cold concentrated KOH, H~S04,  HC1, HNO3, or 
nitro-hydrochloric acid."  What changes take place in these fibrinous 
deposits  that cause such an increase in  their resisting powers is ap- 
parently not known.  From the present results one would naturally 
suggest  that in  such cases,  in  the course of time, a  complete trans- 
formation of the fibrin clot into the new fibrous tissue had occurred 
and that this transformed tissue, when old enough, was able to resist 
the action of pancreatin and various other destructive agents. 
This  point  has  proven  to  be  one  which  is  difficult  of  solution. 
The fact that even the fully formed connective tissue of large tadpoles" 
is unable to resist the pancreatin digestion makes it impossible to ex- 
pect that one could ever keep tissue  cultures alive  long  enough to 
secure a new fibrous tissue from the fibrin clot which would be able to 
9 Mall, F. P., Reticulated Tissue, and Its Relation to the Connective Tissue 
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resist the pancreatin  digestion and thus show definitely that it could 
not be distinguished from the regular connective tissues in this regard. 
In  wounds  the problem is  complicated  by the  presence of the  cells 
which wander into them and through the new fibrous tissue soon after 
it has been formed from the fibrin clot.  The preparations,  as stated 
above, do not show any evidence of an attempt by these cells to form 
new  fibers  intracellularly,  but,  nevertheless,  their  presence  in  the 
wound for the long period of time which evidently is necessary for the 
new fibrous tissue to become resistant,  makes the problem a  difficult 
one. 
DISCUSSION. 
The experiments reported in the present paper demonstrate that in 
wounds made in the skin of adult frogs there occurs, as has previously 
been shown to be the  case in living  cultures of adult frog tissues,  a 
direct  transformation  of  the  fibrin  clot  into  a  new  fibrous  tissue 
without  any intracellular  action.  This  newly formed fibrous  tissue 
which  fills  the wound  space  is  apparently  identical  in  appearance, 
structure,  function,  and  staining  reactions  with  regularly  formed 
permanent  connective tissue.  It differs from adult connective tissue 
in  the  skin of  the  frog  in  its  reaction  with  pancreatin  digestion. 
However, this  test, as well as all others  that  have so far been tried, 
fails to  differentiate between  the new fibrous tissue and  young con- 
nective tissue found in tadpoles of various stages. 
Two views might be held with reference to the fate  of  this  new fi- 
brous tissue directly formed from the fibrin clot.  The first is that  it 
is only a  temporary tissue and  that it will be replaced in  time by a 
permanent  connective  tissue formed  through  an  intracellular  action 
of  the fibroblasts.  This  is  in  accord  with  the  generally prevailing 
views  1° held at present,  which are that  the fibrin, in wounds healing 
by first intention,  forms a  temporary  tissue which holds  the  wound 
surfaces in place and stops up the wound thus  preventing  infection. 
Later the fibrin disappears, not by liquefaction, but through an actual 
consumption  by the  new  tissue  cells which  show a  positive  chemo- 
tropism  to the fibrin mass and are thus attracted into  the fibrin clot 
: 10 For a general discussion and summary see Marchand,  F., Der Process der 
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in large numbers.  The permanent  tissues which go to fill the wound 
space are then formed by these cells through  an intracellular  action. 
The other view is that this new fibrous tissue remains in the wound 
as a permanent connective tissue.  That  is to say, at least in wound 
healing  in  the  frog  skin,  a  reaction  occurs  which  is  able  to  trans- 
form  a  fibrin  clot by a  direct  intercellular  action into  a  permanent 
fibrous  connective  tissue.  This  view  is  supported  by  the  work  of 
Hertzler  u  who finds that, in experimental peritoneal  adhesions in the 
dog,  a  new fibrous tissue, which he believes remains permanently,  is 
formed  by  a  transformation  of  a  fibrin  net.  Speaking  of  the  for- 
marion  of  this  fibrous  tissue,  he  says:  12  "My  researches  have  con- 
vinced me  that  the  cell is not primarily  the  active  agent,  but  that 
the initial processes are chemical and are identical with those of blood 
coagulation,  the cell playing an entirely secondary r61e." 
The results obtained in the present experiments also give evidence 
in favor of the latter  view.  The fibroblast cells which wander into 
the new fibrous tissue apparently do not digest the fibers which have 
previously been formed, nor is there any evidence revealed, by a thor- 
ough study of the preparations,  of an attempt by these cells to form 
new  fibers  intracellularly.  Their  only  apparent  action  is  to  break 
up  the  larger  bundles  of  fibers  by  their  movements  among  them. 
In a wound of about 12 days a  typical scar tissue is generally present 
(Fig.  8),  and  later  stages  (3  to 4  weeks)  do  not  show  any  further 
changes in the structure of the connective tissue present in the wound. 
SUMMARY. 
1.  In experimental wounds, made by removing various sized pieces 
of skin from the frog, there is a rapid coagulation of the blood plasma 
and lymph to form a coagulation  tissue which fills the wound cavity. 
2.  The observations on the living animals show that the coagulation 
n Hertzler, A. E., Pseudoperitoneum, Varicosity of the Peritoneum  and Scle- 
rosis of the Mesentery.  With  a  Preliminary  Note on the Development of Fi- 
brous Tissue, Jour. Am. Med. Assn., 1910, liv, 351 ; The Development of Fibrous 
Tissues in Peritoneal Adhesions, Anat. Rec.,  1915, ix, 83. 
t2 Hertzler, A. E.,  Pseudoperitoneum, Varicosity of the Peritoneum  and Scle- 
rosis  of  the  Mesentery.  With  a  Preliminary  Note  on  the  Development  of 
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tissue becomes more and more resistant and is generally of suffident 
strength to hold the cut edges of the wound in place and to retain its 
position in  the wound cavity.  It serves,  at least temporarily, as a 
connective tissue and as a  base for the epithelial cells which rapidly 
move in from all the cut edges and cover the wound. 
3.  The study of the prepared sections of wound tissue show that at 
first in  the coagulation tissue,  formed as a  result of the clotting of 
blood and lymph, a typical fibrin net is present in the wound (Fig. 3). 
Later this fibrin net is transformed into a new fibrous tissue contain- 
ing bundles of wavy fibers in which, in many instances, the individual 
fibrils can be noted (Fig. 4).  This transformation of the clot and the 
formation of the new fibrous tissue takes place before the tissue cells 
wander into the coagulation tissue and therefore cannot be due to an 
intracellular action.  It is a  direct transformation of the fibrin clot 
and is identical with the process which was previously found to take 
place in the fibrin clots in living cultures of adult frog tissues. 
4.  The tissue  cells,  which later move into  the new fibrous  tissue 
in large numbers from the surrounding areas, do not digest the fibers 
but,  apparently by  their movements,  cause a  division  of  the  large 
bundles into smaller ones (Fig. S).  These cells when they first appear 
in  the  fibrous  tissue  are  rounded, but  later they assume  the  typi- 
cal elongated spindle shape of fibroblast  cells (Fig. 8).  The prepa- 
rations  do  not  show  any  connection between  these  spindle-shaped 
cells and the fibers which had already formed,  nor is  there any evi- 
dence of a  later attempt by them to form new fibers intracellularly. 
5.  The staining reactions of the new fibrous tissue appear to be iden- 
tical with the staining reactions of the connective tissue in frog skin. 
However, the new tissue can be digested in pancreatin and in this reac- 
tion it differs from the connective tissue in the skin of the adult frog. 
On  the  other hand,  extensive experiments with  pancreatin  on  em- 
bryonic but  fully formed connective tissue,  obtained  from  the  tail 
and skin of tadpoles of various ages, show that pancreatin will digest 
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EXPLANATION OF PLATES. 
All the figures, with the exception of Fig. 1, were drawn from prepared material 
which had  been preserved in Zenker's solution, sectioned at  10 #,  and stained 
with Mallory's connective tissue stain. 
PLATE  106. 
FIG.  1.  3  day wound from back of frog, shown in toto from the under sur- 
face.  ×  15.  A piece of skin measuring about 5 by 2 ram. was removed and the 
cavity thus formed is shown filled with the coagulation tissue (c.T.).  A consider- 
able area of the skin tissue (SK.T.) surrounding the wound is shown, and blood 
vessels (my.) are also present. 
FIG. 2.  Transverse section of the preparation shown in Fig. 1.  ×  77.  Cut 
edges of the skin tissue (SK.T.) marking boundaries of the wound are shown at both 
ends of the figure.  These are connected by the coagulation tissue (c.r.) in which 
fibers (FIB.) can be noted at various places.  Epithelial cells (EP.C.) which have 
moved in from the surrounding areas overlie the coagulation tissue.  Section of 
blood vessel (~.v.) and numerous blood corpuscles (B.c.) are also shown. 
PLATE  107. 
FIG. 3.  Transverse section showing a portion of the coagulation tissue from 
the same preparation as Figs. 1 and 2.  ×  787.  The figure shows the structure 
of the coagulation tissue present in a 3 day wound.  Some of this tissue retains 
the fibrin net (~.N.)  structure of the original fibrin clot.  Other areas show new 
fibrous tissue (N.F.T.) which has been formed by a transformation of the elements 
of the fibrin net.  Numerous  blood corpuscles (B.c.)  are present, but no fibro- 
blast ceils. 
FIG. 4.  Longitudinal section of a 4 day wound in the leg of a frog.  ×  787. 
The coagulation tissue has been transformed into the new fibrous tissue (N.F.T.) 
in which bundles of wavy fibers can be seen.  Transformation is most complete 
in the denser region of coagulation tissue lying to the right of the figure.  No 
fibroblast cells are present, but a few blood corpuscles (B.C.) are shown which are 
evidently undergoing degeneration. 
FIG. 5.  Longitudinal section from the preparation showfi in Fig. 4.  )< 787. 
The section from which this drawing was made was taken at a deeper level of the 
wound than Fig. 4; i.e., just above the underlying muscle tissue.  To the right 
the new fibrous tissue (N.F.T.) is more dense, but even here the fibrous structure 
can be seen.  To the left it is broken up into wavy fibrous bundles among which 
numerous cells (FBL.C.) are appearing.  Blood corpuscles (B.c.) are also present. 
PLATE  108. 
FIG. 6.  Transverse  section of a 12 to 13 day wound preparation.  X 240. 
Cut ends of the skin  tissue  (SK.T.)  are shown at the right  and left  of the figure. 756  FIBROUS  TISSUE  FORMED IN  WOUND HEALING 
The wound cavity is almost filled with the new fibrous tissue (Zq.F.T.) except for 
a  small portion of fibrin clot  (F.C.) lying to the right.  Epithelial cells (EP.C.) 
are piled up many layers thick above the new tissue.  Cells  (FBL.C.) are also 
present in the new tissue.  Compare Fig. 7. 
FIG.  7.  A portion of the preparation shown in Fig. 6.  ×  787.  This draw- 
ing shows the remains of a fibrin clot (s.c.) lying to the right in Fig. 6.  It has 
lost its original fibrin net structure and has become a more or less compact mass. 
NUmerous fibers can be seen running  through it, and around the edges are a great 
many fibers which have resulted from a transformation of the fibrin clot and which 
go to form the new fibrous tissue (N.F.T.).  Numerous rounded cells (FBL.C.) are 
present,  some of  which  are  beginning to  assume the  typical spindle shape  of 
fibroblast cells.  They stand out clearly and show no connection with the fibers. 
PLATE 109. 
FIG.  8.  Longitudinal section of  another  12  to  13  day  wound preparation. 
×  787.  This figure shows  complete transformation of  coagulation tissue into 
new fibrous tissue (N.F.T.) which fills the wound cavity between the cut edges 
of the skin tissue (SK.T.).  Blood vessels (B.v.) are forming and numerous spindle- 
shaped fibroblast cells  (FBL.C.) are present.  These cells  stretch out along the 
fibers which had previously been formed through a  transformation of the fibrin 
net and apparently separate the bundles.  They do not digest the fibers nor is 
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